The interfacial Dzyaloshinskii-Moriya interaction (DMI) is an antisymmetric exchange interaction between spins mediated by heavy metal atoms [1] [2] [3] . It is known that the structural inversion asymmetry in the magnetic system generates a sizeable DMI with an energy DMI as given by
3
The interfacial Dzyaloshinskii-Moriya interaction (DMI) is an antisymmetric exchange interaction between spins mediated by heavy metal atoms [1] [2] [3] . It is known that the structural inversion asymmetry in the magnetic system generates a sizeable DMI with an energy DMI as given by
where ⃗ ⃗ is the DMI vector and ⃗⃗ and ⃗⃗ are the neighboring local magnetization. The DMI-induced antisymmetric exchange interaction has recently received great attention because of its crucial role in spintronic materials, such as the stabilization of chiral magnetic domain walls (DWs) or the formation of the magnetic skyrmion [4] [5] [6] [7] . Numerous efforts have been devoted to investigating the role of the DMI on the magnetization process [6] [7] [8] and also, various experimental schemes to quantify the strengths of the DMI have been proposed [9] [10] [11] [12] [13] [14] [15] [16] [17] .
These experimental schemes are mainly based on either the DMI-induced chirality of the DWs [9] [10] [11] [12] [13] [14] or the DMI-induced non-reciprocity of the spin waves (SWs) [15] [16] [17] [18] . Up to now, however, the measurement results among these experimental schemes have been in conflict [19] . It is not clear yet whether this discordance can be attributed to experimental artifacts or the intrinsic nature of the DMI. For example, for the former case, Kim et al. [20] recently demonstrated that the presence of a sizeable additional antisymmetric contribution [21] [22] [23] [24] [25] [26] [27] such as chiral damping [22, 23] causes experimental inaccuracy in the DW-speed-asymmetry DMImeasurement scheme [10, 12, 21, 22, 27] and this inaccuracy can be removed by adjusting the measured value by the amount of the DW saturation field [20] . Or, in the latter case, if the DMI has angular dependence on the magnetization, the effective amount of the DMI over the magnetic objects is different for DWs (in which the magnetization rotates 180) and SWs (which has small angle deviation from uniform magnetization).
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To evaluate all these possibilities, here we investigated the compatibility (or incompatibility) of the DMI based on the strength of the DMI, determined using two different magnetic objects, the DWs and SWs. After careful measurement and analysis, and the removal of any possible experimental artifact, we observed that the two magnetic objects exhibit the same strength of DMI, signaling that the angular dependence of the DMI is minimal.
A series of films comprised of magnetic multilayers of Pt/Co/X with different X (= Al, Au, Cu, Pt, Ta, Ti, and W) were prepared with a DC magnetron sputtering system, as shown in Figure 1 (a). The films were deposited on Si/SiO2 substrates with a 5.0-nm-thick Ta adhesion layer and a 1.5-nm-thick Pt protection layer [28] . The detailed layer structure was 2.5-nm Pt/0.9-nm Co/2.5-nm X, where the Co layer thickness Co was chosen to satisfy the optimal experimental conditions. These conditions were: 1) within the clear DW motion phase for the DW-based measurement (as shown in Fig. 1(b) ; for the other samples, please see Supporting Information I); and 2) as thick as possible for better sensitivity in the Brillouin light scattering (BLS) measurement of the SW dynamics. All the samples exhibited strong perpendicular magnetic anisotropy (PMA).
For the DW-based measurement, we employed the spin-torque efficiency measurement scheme proposed by P. P. J. Haazen et al. [9] . We will denote the scheme as the ' ST -measurement scheme' hereafter and when we compare it with other schemes later. In this scheme, the spin-torque efficiency is measured with respect to an external longitudinal magnetic field and then, the strength of the DMI is estimated from the characteristic variation in the spin-torque efficiency.
For this measurement, continuous film was patterned into a micro-wire structure with electrodes and a writing line using a photo-lithography technique, as shown by Fig. 1(c) . The sample was first saturated by applying an external out-of-plane magnetic field larger than the coercive field and then, a DW was created near the DW writing electrode (white vertical line)
by injecting a current through it [29] . Then, with the application of current bias with a current density through the magnetic wire, the depinning field dep was measured by sweeping an external out-of-plane magnetic field until the DW moved from the initial position to the probing spot (red circle). By repeating this procedure with changing , the spin-torque efficiency ST was determined to be ST = − dep / [9, 29] . that ST can be mainly attributed to the spin-orbit torque, rather than the spin-transfer torque [9, 29, 30] . This observation is consistent with Ref. [30] , in which a sizeable spin-transfer torque appeared only in the case of a thin ferromagnetic layer (~0.3 nm), while the present samples have a relatively thick ferromagnetic layer (~0.9 nm). Therefore, we used ST ≈ SOT , where the spin-orbit torque efficiency SOT is given by
where SH is the net spin Hall angle of the system, S is the saturation magnetization, and
Co is the thickness of the ferromagnetic Co layer [9, 31] .
According to Ref. [6, 7] , the angle of the magnetization (purple arrow) inside the DW is determined by the counterbalance between the DMI-induced effective magnetic field DMI (red arrow) and the DW anisotropy field (blue arrow), as depicted in Fig. 2(b) . For the 6 case where DMI = 0, the DW energetically prefers the Bloch-type chirality (cos = 0) due to the DW anisotropy caused by the dipolar interaction, corresponding to ST = 0 from Eq.
(2). For the other case, when DMI ≠ 0, the DW deviates from the Bloch-type chirality. For that case, the Bloch-type chirality can be recovered by applying an in-plane longitudinal magnetic field * to compensate DMI i.e. * + DMI = 0. Therefore, in Fig. 2(a) , the intercept to the axis (red vertical line) indicates the typical magnitude of * required for the Bloch-type DW chirality (cos = 0) and thus, one can quantify the strength of DMI using the measured value of * via the relation DMI = − * . By repeating this procedure, the strengths of DMI were measured for all the samples.
From the measured values of DMI , one can estimate the DMI strengths DW by using the relation For a quantitative comparison with the results of the DW-based ST -measurement scheme, the strengths of the DMI were measured again with the SW-based configuration by 7 using the BLS measurement [15] [16] [17] . We will denote that scheme as the 'BLS-measurement scheme' hereafter and when we compare it with other schemes.
According to Ref. [15] , among the various SW modes the DMI mainly interacts with the surface SW mode-the so-called Damon-Eshbach (DE) mode [33] -depending on the directions of the wave vector and magnetization. In the DE mode, both the wave vector ⃗ SW and the magnetization ⃗⃗ lie in the film plane, and are orthogonal to each other, as depicted in Fig. 3(a) .
To produce this situation in the experiment, the magnetization of our PMA samples were turned to the film plane by applying a transverse in-plane magnetic field (=1.3 T)
along −̂ direction, sufficiently stronger than the anisotropy field K . The strengths of K (= 2 eff / 0 S ) are listed in Table I . When is applied along the −̂ direction, the precession of magnetization is in the counter-clockwise direction, as depicted by the curved This non-reciprocity between the SW modes was experimentally verified by Cho et al.
[15] via the BLS measurement. Fig. 3(d) shows the typical BLS spectrum of a given SW wave vector SW (=0.0167 nm -1 ) for the sample with X = Ti. The figure visualizes the nonreciprocity of the SW modes with opposite shifts ±∆ SW in peak frequency for the two modes with the opposite wave vectors ± SW , respectively. According to Ref. [15] , ∆ SW is given by
where is the gyromagnetic ratio and SW is the DMI strength. Table   I for all the samples. It is worth comparing the present results with the other widely-used measurement scheme proposed by Je et al. [10] , which is based on the symmetry of the DW speed with respect to . We well denote that scheme as the ' DW -measurement scheme' hereafter. The DW -measurement scheme analyzes the shift in the symmetry axis of the DW speed, which is 9 similar to the ST -measurement scheme, which analyzes the shift in the anti-symmetry axis of These additional asymmetries destroy the symmetric behavior of the DW speed and thus, it is not possible to unambiguously determine the symmetry axis [20] , as was confirmed with our present samples (Supporting Information IV).
Kim et al. [20] recently demonstrated experimentally how to recover the symmetry axis with the presence of sizeable additional asymmetries. After properly correcting the symmetry axis, both the DW -and ST -measurement schemes provided the same results. For the BLS-measurement scheme, due to the possible offset in ∆ SW , it is essential to confirm the linear proportionality between ∆ SW and SW for better accuracy of the results.
Finally, we would like to discuss the applicable conditions which are best for each measurement scheme. For intuitive understanding, please refer to Figure 5 , which summarizes the following discussions. The DW -and ST -measurement schemes maintain their sensitivity to the thin ferromagnetic layers down to a few angstroms [10, 30] . However, since both schemes are based on the DW motion, these schemes cannot be applied to thick ferromagnetic layers that usually show a striped or dendritic phase. This is because in those phases, the minimum DW roughness needed to guarantee uniform DW chirality along the DW is not achieved, and thus a sizeable inaccuracy in DMI strength may occur with the present measurement schemes.
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The blue perpendicular dashed line in Fig. 5 indicates the phase boundary between the striped and dendritic phases. In contrast to the case above, the BLS-measurement scheme is more applicable to thick ferromagnetic layers, even to thick films with in-plane magnetic anisotropy. However, the BLS-measurement scheme cannot be applied to too strong K samples, because it requires an applied in-plane field stronger than K . This makes it hard to apply the BLS-measurement scheme to a very thin ferromagnetic layer with large PMA Therefore, the former two schemes have better sensitivity with weak DMIs, whereas the BLS schemes is better with strong DMIs. These different ranges of ferromagnetic layer thickness and measurable DMI strengths give these measurement schemes mutually complementary roles, once the compatibility between the measurement results have been verified, as demonstrated here.
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Comparing the DW -and ST -measurement schemes, since the additional DW speed asymmetry (or chiral damping) usually disappears in thinner ferromagnetic layers [22] , the DW -measurement scheme is more applicable to ultra-thin (<0.3~0.4 nm) ferromagnetic layers, where the DW speed variation becomes symmetric with respect to a shifted symmetry axis. In this thickness range, a sizeable STT efficiency appears [30] , which makes it difficult to analyze the ST variation based on the SOT theory. This sizeable STT efficiency disappears as the thickness of the ferromagnetic layer increases [30] and thus, the ST measurement scheme is more applicable to an intermediate (0.5~1.2 nm) range of ferromagnetic layer thickness. The black perpendicular dashed line shows the schematic boundaries for the appearance/disappearance of the chiral damping and the STT efficiency.
The last point to note is that the DW -and ST -measurement schemes directly quantify the value of DMI and thus, it is more useful when the value of DMI is required, such as the SOT-induced DW motion, while estimating the DMI requires some additional measurements. On the other hand, the BLS scheme is able to quantify the DMI more rigorously, with only one additional parameter S which is easily accessible.
In summary, we investigated the compatibility of different DMI measurement schemes based on two distinct magnetic dynamics, magnetic DW and SW dynamics. After careful measurements and analyses with 6 different magnetic thin films, we found that the measurement results showed fairly good coincidence to each other. This observation removes the possibility that the DMI plays intrinsically different roles in the magnetic DW and SW dynamics, and confirms the reliability of the recently-developed diverse measurement schemes, thus providing a way towards establishing measurement standards. 
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